The Effects of Course Redesign on an Upper-level Geochemistry Course by Richard Yuretich
ABSTRACT
Introductory courses have received most of the attention
in efforts to improve the learning environment in college
science courses, but upper-level courses also benefit
from a focus on learning goals and the use of alternative
teaching methods. For a junior/senior geochemistry
course I have successfully incorporated various methods
of cooperative learning, including group analysis of
questions or problems during class time, and long-term
collaborative projects. Traditional exams have been
replaced by frequent assignments, project reports, oral
presentations and a reflective course summary. Student
feedback, achievement, and course evaluations indicate
that students reach higher levels of learning and
satisfaction that bode well for long-term retention of
concepts. The data suggest that working collaboratively
during class, discussing homework in class before the
due date, and giving regular, timely feedback on
assignments are the main reasons for the positive
outcomes.
INTRODUCTION
As Professor Rockworth, renowned among his
colleagues for his dynamic and informative lectures,
finished his oration on the crystallography and
chemistry of plagioclase feldspars, he was filled with the
glow of his theatrical, nay, even brilliant performance.
Beryl Tourmaline, one of the brightest gems among the
majors in the class, immediately raised her hand. Eagerly
anticipating a thought-provoking interchange, he was
crestfallen when she asked: “What are plagioclase
feldspars?”
Perhaps this is an exaggerated scenario, but many of
us have faced the situation where students, who we
know have been through all the prerequisites, still seem
to have missed some fundamental concepts from an
earlier course. Even more exasperating is the experience
of teaching an important principle, and then having the
vast majority of the class get those questions wrong on
the exam.
Recent publications about the quality of teaching
and learning in undergraduate science courses have fo-
cused primarily on introductory-level subjects. This has
been a clear priority that has emerged from a nationwide
emphasis on the science “literacy” of the general public,
and the low numbers of students who pursue majors in
science and mathematics (George, 1996, Seymour and
Hewitt, 1997). Over the past several years, college profes-
sors concerned about the problem have implemented al-
ternative teaching methods to stimulate student interest
and participation in entry-level courses. In most cases,
these alternatives (e.g. collaborative learning, prob-
lem-based learning) de-emphasize lecturing and “cook-
book” laboratories in favor of student-active methods in
the instructional process (McNeal and D’Avanzo, 1997;
Tolman, 1999). The overall goal is to align the classroom
experience with the atmosphere of exploration and
discovery that practitioners know constitutes the core of
science. Research results confirm that these changes im-
prove both the learning and the interest of students in the
course (Yuretich et al, 2001; O’Sullivan and Copper,
2003). Yet when these students become majors, they of-
ten encounter upper-level courses where teaching may
not be quite as innovative. Undergraduate science ma-
jors often cite poor teaching as a reason why they switch
to other disciplines (Seymour and Hewitt, 1997). Al-
though there are noticeable exceptions, the major se-
quence in a science curriculum is often driven by content,
specifically the need to “cover the material” necessary for
the next courses the students may be taking. In addition,
instructors may view science majors as junior members
of the community, and therefore they surmise that in-
structional methods should have minimal impact on the
students’ interest level. A number of college teachers, in-
cluding those from Geosciences, have developed new
approaches to course design, assessment methods, and
instructional techniques for upper-level courses that are
intended to challenge students and develop higher-order
thinking skills (de Caprariis, 2002; Tewksbury and Mac-
Donald, 2004; Brady et al, 1997). Can a holistic implemen-
tation of such methods increase student learning in
upper level courses, and make the environment for that
learning more satisfying for students and instructor? To
answer these questions, I re-designed the introductory
geochemistry course at the University of Massachusetts
Amherst.
THE COURSE
I have taught Geosciences 415 “Introduction to
Geochemistry” for over 20 years with an audience
mostly of Geology majors. Class size has been between
10 and 30 students, with the larger classes occurring in
the past four years. This increase in enrollment is largely
attributable to the implementation of an “Earth Systems”
major within Geosciences, where a geochemistry course
is a requirement. This particular course was designed
without a laboratory component to give students a broad
overview of major topics in geochemistry (Table 1).
Although I required one of the available commercial
textbooks during the earlier versions of the course, the
books and the course topics never did mesh very well. As
a result, I generally supplied a list of supplementary
readings for specific topics. Assessment of student
learning was based on in-class exams administered in the
traditional manner, plus a research paper (later two
shorter ones) and occasional homework assignments.
Beginning in Fall, 1999, I made several changes to the
course in an effort to improve the learning environment,
as indicated by current research on teaching strategies
that help in this endeavor (Brandsford et al., 2000). The
redesign incorporated the following elements:
1. The structure of class meetings changed from
lectures to student-active sessions dominated by
answering questions and solving problems.
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2. Students often worked in groups during the class
sessions.
3. The generic textbook was replaced by a custom book
that had readings specifically aligned with the
course topics.
4. The number and scope of assignments were in-
creased, and these often served as the focus for class
discussions and analysis.
5. Two major investigative projects were implemented.
These were structured to include collaborative work
on a presentation and an individual written
component.
6. In-class examinations were discontinued, but
students were required to write a summary essay on
major concepts that they learned.
SPECIFICS OF THE REDESIGN
Course Goals — One of the most important aspects of
the redesign was to alert the students to the
non-traditional approach to instruction and assessment
that they would experience, and this became the center-
piece of the syllabus. The learning and skills goals are
now the first thing that the students see when they pe-
ruse the syllabus (Tewksbury and MacDonald, 2004).
During the most recent iteration of the course (Fall, 2002),
I established three learning goals focused on
higher-order or “critical” thinking, as guided by Bloom’s
Taxonomy (Bloom,1956) appropriate to an upper-level
course for geoscience majors:
 Evaluate the role of geochemistry in determining the
environmental evolution of our planet;
 Interpret the behavior of naturally complex
geochemical systems ;
 Predict the outcome of geochemical processes.
In addition, I listed the related skills that I wanted
students to exercise during the semester:
 Develop proper, careful, and accurate research skills;
 Explain your findings and conclusions to your peers;
 Write about geochemical investigations clearly and
accurately.
Since the goals defined the desired outcomes, the next
steps were to find the right methods to accomplish these
goals, and to assess to what degree the goals were being
met. This necessitated a whole new approach to
maximize the learning during the official class meeting
times. Lecturing alone would not provide sufficient
feedback on whether students were using the
higher-order reasoning skills established in the goals.
Class Meetings — Class meetings became more
interactive, going beyond the random process of quick
questions interspersed during a lecture, in order to gauge
the students’ perceptions and interpretations of the topic
under consideration. Student-active sessions, with a
major focus on cooperative learning, are the centerpiece.
The syllabus still contains the traditional list of content
topics to be tackled during the semester, and we adhere
to the schedule (Table 1). I will often give out a question
or a problem at the end of a class that serves as an entrée
into the next topic (Table 2). At the beginning of the
subsequent class, I form groups (often at random), and
the students in each group compare their results. In
addition, I prompt them to answer related questions,
such as in this case, “What is an isotope?” and “Why are
some isotopes unstable?” The groups come up with a
consensus answer to the questions and the results are
shared collectively. By the end of the discussion, I have a
better grasp of where the strengths and weaknesses of
the class lie that allows me to target a short lecture (~10
minutes) to lead them towards some more sophisticated
aspects of the problem. For the subject of radioactive
decay, for example, a lecture outlining the basic
construction of the decay equation is the next step,
followed by distribution of a numerical problem about
radioactive decay. This problem, in turn, serves as the
initiation for the next session.
Planning these sessions is a key to success. In
traditional lecture mode, the instructor just keeps going
on a topic until he or she comes to the end of the prepared
notes. It is easy to stop at the end of the assigned time and
continue where one left off at the next session. For
student-active class meetings, a road map of the session
with estimated times for each segment is also essential.
Each outline identifies an objective for the session,
followed by the means to achieve the objective, and ways
of gauging whether these objectives were met. Although
there is usually some carryover from one class to the
next, each class meeting has a specific focus, which is
based on my “pedagogical content knowledge” of
geochemistry (Brandford et al, 2000). In short, these are
topics or concepts that I know from my experience in the
discipline that are especially important, but may also be
conceptually difficult. If the students can grasp these
core issues, then the other information that they can
gather from their reading should fall into place.
Although all class meetings involve some compo-
nent of collaborative work, student presentations, lec-
tures, and other interactive activities, I try to avoid a rigid
or formulaic structuring of the sessions. For example, in
some instances the collaborative component may involve
a simple “think-pair-share” around a question; in other
278 Journal of Geoscience Education, v. 52, n. 3, May, 2004, p. 277-283
1. Origins and Geochemical Processes
2. Radioactive Decay & Geologic Time
3. Nucleosynthesis
4. Origin of the Earth and Other Planets
5. Evolution of the Earth’s Core, Mantle & Crust
6. Evolution of the Atmosphere & Ocean
7. Chemical Weathering
8. Stable Isotopes and Applications
9. Cycles: From Continents to Ocean
10. Oxygen and Carbon Dioxide
Table 1. Content topics for GEO 415 Introduction to
Geochemistry. The focus of the course has remained
the same throughout the changes in pedagogy.
RADIOACTIVE DECAY
The unstable Amherstium forms the stable daughter
Umassium after four steps of radioactive decay. It
decays by only one of the common mechanisms, but
which one is not known. How could you determine
the decay process?
Table 2. Example of an assignment given at the end
of a class in preparation for the next class session.
circumstances students work in groups of four to solve a
problem. I change the way that collaborative groups re-
port the results of their deliberations. In some cases, the
groups summarize their findings on large sheets of
newsprint, and then the groups compare answers among
themselves to arrive at a class consensus. In other in-
stances, different groups summarize different parts of a
multi-pronged question on overhead transparencies and
then report to the class. In another variant I act as re-
corder, and write the volunteered responses on the
blackboard. In any event the goal is the same: to process
the thinking of the students in some rational manner, so
that they can be guided towards a deeper understanding
of the central concepts.
Assessment Strategy — An important task in the
re-design of the course is to insure that the assessment of
student learning follows the goals that I have set for the
course. Students and faculty alike, for different reasons,
are often frustrated by traditional in-class examinations.
In my case, I could never design appropriate and
reasonable questions that would gauge the students’
abilities to evaluate, interpret or predict (as stated in the
goals) within the confines of a 50-minute session. As a
result, I have eliminated exams entirely (Tewksbury,
1996), and replaced them with assignments and projects
that allow the students to pursue concepts with greater
focus, and give me greater latitude in assessing their
ability to work with the ideas.
There are three components to the assessments.
Homework and in-class assignments are used as a
window into the students’ thinking about the major
processes. Fifteen to 20 minutes of the class session is
often devoted to discussion of the homework before the
students hand in their final product. Two major
investigative projects constitute the core of assessment.
These projects have both individual and collaborative
components, and are designed to give the students some
ability to transfer the knowledge they have gained from
the class discussions and readings to new domains
(Mestre and Cocking, 2002). In the first project, students
are randomly assigned to teams of two or three to
investigate the geochemistry of another planet. Each
student has a specific task within the team, for example,
the Mars team has one student investigating the
atmosphere, another studying the crustal composition,
and a third doing research on the planetary interior. Two
products are expected: a group presentation on the
planet centered around a poster of the results, and an
individual scientific research paper on the student’s own
area of expertise. The second project on global
geochemical cycles is structured similarly. Student teams
are given a globally significant chemical element (other
than C or O, which we discuss in class) and they prepare
a presentation about the cycling of that element among
the various global reservoirs. Each student becomes an
expert on different parts of the cycle (ocean, sediments
and soils, mantle etc.), and his or her individual paper
details the student’s specific contributions to the team
effort.
The third component of the assessment is the
“Course Summary,” where the students write a brief
summary of the three most significant learning
experiences they have had as a result of the course. These
can be related to the topics covered in class, the projects
they have done, some new curiosity about the Earth that
has resulted from their exploration of geochemistry, or
even some unexpected discoveries they have made. They
must support their reflection with the specific evidence
that will help me evaluate their understanding of the
substance and application of geochemistry. In addition,
they must reflect on the reasons why they learned these
topics so well. This gives them insight into their own
learning, i.e. metacognition of their learning styles
(Brandford et al, 2000), and provides me with additional
feedback on the most effective instructional techniques.
I use scoring rubrics to evaluate all the components of the
course (Tewksbury, 1996). Each rubric is tailored
specifically to the assessment, with different criteria for
quantitative assignments, written assignments, project
reports and the course summary (Table 3). I evaluate
each criterion separately, and the grade is the average of
all the criteria scores. In addition to giving individual
grades, the score for each component of the criteria
analysis (also called primary trait analysis; Eder, 1998)
provides some ongoing formative assessment of the
strengths and weaknesses of the entire class, allowing me
to adjust my teaching approach to address those aspects.
Other components — I use a mid-semester course
evaluation to gauge the response of the whole class to the
teaching methods and the impact on their learning. The
questions are simple, so that the evaluation can be
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Grade Criteria
5
questions answered completely; logic of
solution is clear; factual information is
correct; all calculations are free of errors;
conclusions are accurate
4
questions answered with some supporting
documentation; logic of solution may have
minor lapses; factual information is
essentially correct, although not always
clearly stated; calculations may have minor
errors; conclusions are essentially correct
within a reasonable deviation
3
questions answered; logic of solution may
have large uncertain components; some
factual information is missing and
documentation may be absent; calculations
show significant errors; conclusions deviate
from the desired path
2
questions not answered completely; logic of
solution difficult to follow; factual
information not always correct and sources
not clear; calculations have large errors;
conclusions not always within the realm of
reasonable deductions
1
questions are mostly not solved; logic of
solution is unclear; information is missing
or incorrect; calculations have large errors;
conclusions are unreasonable.
Criteria Analysis
Logic_____________
Information_____________
Calculations_____________
Conclusions_____________
Table 3. Example of a scoring rubric with criteria
analysis. Each criterion is given a separate score
based on the rubric, and the overall grade is the
average of the criteria scores.
completed in about 10 or 15 minutes (Table 4). The
evaluation can be completed by individual students in
the usual way, or it can be done in small groups. In the
latter case, students answer the questions on their own
first, and then compare their responses. They hand in a
sheet that contains only the responses upon which the
group agreed. This latter method reduces idiosyncratic
responses to the questions and allows me to discover
issues that are of greatest concern to the class as a whole.
A timely return of assignments is essential for
students to obtain maximum benefit from the
instructor’s feedback. The use of grading rubrics speeds
up the evaluation of all assignments, making it possible
to hand them back by the next class. The students also
have an opportunity to revise their assignment, with
their grade calculated as the average of the two efforts.
For the larger projects, students had the option of
handing in a draft report two weeks prior to the final
deadline, with the promise that I would comment on it in
sufficient time so they could revise it. This modeled the
actual manuscript submission process more accurately
than the traditional “you hand in the paper and I grade
it” approach.
I replaced the textbook with a custom course packet
that was closely aligned with the content topics I
emphasized, and we used 100% of the book during the
semester. Students brought the book with them to class,
and numerous in-class investigations were based on the
readings for that day or on diagrams from the text. The
goal was to make the book an integral part of the course
rather than a separate entity.
MAJOR FINDINGS
The effects of the implemented changes were gauged us-
ing several different instruments, including anonymous
surveys, performance on assignments and projects, and
comments from the course summary. The overall conclu-
sions are that the aggregate changes in teaching and as-
sessment methods have created a much more collegial
classroom, where students felt comfortable being in
charge of their own learning. Moreover, the students
demonstrated in their written and oral reports, and in
their reflective commentary, that the learning goals es-
tablished for this course were achieved.
Results of anonymous surveys — Students have
responded favorably to the course since its inception in
1981, according to the traditional end-of-semester course
evaluations. Since the implementation of the
constructivist and student-active teaching methods in
1999, the overall rating of the course has not changed
significantly (Figure 1). However, the students’
perception of my interest in teaching and of my concern
about their learning shows a noticeable increase. In all
cases, the high ratings have been maintained through all
three iterations of the redesigned course. They also felt
that the continuous assessment based upon homework,
projects and course summaries was a fairer basis for
grading than relying heavily on exams, and they
definitely appreciate the high level of feedback on their
work (Figure 1).
Increased student satisfaction is a welcome result,
but improvements in learning are the key. We only
started asking about student learning on our summative
evaluation forms a few years ago, so I don’t have any
directly comparable data from earlier years.
Nevertheless, the data indicate that students felt they
learned “More than most courses” (Scale rating = 4) to
“Much more than most courses” (Scale Rating =5)
Students were also asked to respond to seven additional
statements on a five point Likert scale (5 = Strongly
Agree to 1 = Strongly Disagree). The results are compiled
in Table 5. The overwhelming perception from the
students is that the cooperative learning environment,
the analysis and review of homework, and the projects
were all very important in their learning, although more
students in the most recent class (Fall, 2002) were not as
receptive to these techniques judging by their response
to questions 4, 5, and 7. This class was larger than the
previous two, and perhaps this is one reason for the
apparent disparity. However, there is no statistically
significant difference among the responses in the
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Mid-Term Feedback
Please take a few moments to share your
impressions at this time
1. What do you believe are the most effective
aspects of this course or the teaching of it?
2. What about this course and the teaching of it
would benefit from change or improvement?
3. What suggestions can you offer that would
make this course a better learning experience for
you?
4. Do you have any comments or suggestions
related to the structure or nature of the projects?
Table 4. Questions asked for a mid-semester forma-
tive evaluation.
Figure 1. Comparisons of responses to questions on
summative evaluations. Full text of the questions are
“What is your overall rating of this course?”, “The
instructor showed a personal interest in helping
students learn,” “What is your overall rating of the
instructors teaching?”, “The methods of evaluating
my work were fair” and “I received useful feedback on
my performance on tests, papers, etc.”, The
traditional version was taught 10 times, and a total of
122 students responded to the evaluation. The
redesigned version was taught 3 times with 47
students responding.
different years. Written comments accompanying the
surveys reveal the prevailing student attitudes:
Fall, 1999
[I prefer] the non-traditional method of
teaching…projects instead of tests. Group
work...”
“I liked the structure of the class. It allowed me to
learn with less pressure and I enjoyed it more.”
“The processes we go through really help me to
understand everything…I loved discussions.”
“Course is demanding but tons of fun, and time in
class goes by fast.”
“I learned a lot from the research projects. The
treats were good too.”
Fall, 2000
“I loved the style of teaching in the course. Lots of
class participation and thinking were involved.”
“We always got our homework back on time,
quick with comments about how to make it
better.”
“…trying as many ways as possible to help us
learn.”
“He mediated and guided the class discussion
(what he could get out of us) very well.”
Fall, 2002
“The homeworks were good “check-ins” and
helped me master individual concepts.”
“…working in small groups…has greatly
furthered my understanding of course material”
Negative comments are far fewer and tended to
be more idiosyncratic, focusing on mostly
physical or management issues. Time is one
aspect:
Fall, 1999
“I felt like we ran out of time when we were just
getting going…”
Fall, 2000
“Maybe end class on time..
“Not enough time to completely get through a
subject”
In 2002, there were more negative perceptions of
group activities:
“Group work…peer teaching is frustrating at
times.”
“Group work sometimes slows the class down.”
In addition, there were some negative comments on
the reader that I had assembled for use in the course;
eight such comments in 1999, and one in 2000. I revised
the readings in 2002, and received two negative
comments from this much larger class.
Student performance — The improvement in student
performance is difficult to reduce to numbers or grades,
since the measurement system underwent such a radical
change when I altered the course paradigm. However,
the qualitative information shows noteworthy gains in
students’ abilities to work with geochemical data and
concepts.One is the sophistication shown by the students
in the oral and written products of their investigations. In
all cases, the collaborative part of the projects yielded
high-quality summaries of the group effort that
demonstrated an ability to synthesize data from a wide
variety of sources. Each member of the group
successfully integrated his or her segment into the larger
picture, and the peer evaluations of the group effort
reflected my own positive assessment. I have also been
impressed with the quality of the written papers. It is a
gratifying experience to read student papers eagerly, and
actually learn something new from them. As a case in
point, I never knew that the migration of salmon was an
important mechanism for recycling phosphorous from
the oceans back to the terrestrial reservoir. On another
issue, the nuances of the debate over the importance of
silicate versus sulfurous magmas on Jupiter’s moon Io
were laid out clearly in another paper. Student
performance is also indicated by their engagement
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1999 2000 2002
1. Cooperative learning (group work) helped me understand the
subject.
4.57
±1.09
4.22
±0.67
3.90
±1.02
2. Projects helped me learn the subject better. 4.07±1.07
4.11
±0.78
4.10
±0.79
3. This course helped me develop skills in scientific research. 4.07±1.14
4.33
±0.87
3.85
±1.09
4. I would have learned more if there were more lectures 1.93±0.92
2.44
±0.73
3.35
±1.18
5. I would have learned more with traditional tests. 2.07±1.21
1.22
±0.44
2.80
±1.06
6. The homework problems helped me learn the subject. 4.15±1.07
4.44
±0.53
3.90
±0.72
7. I prefer traditional teaching in science courses. 1.93±1.14
2.33
±0.71
2.50
±1.19
Number or respondents 14 9 20
Table 5. Responses to specific questions about teaching and learning from end-of-semester summative
evaluation. A five-point Likert scale is used, 1 = “disagree strongly,” 5 = “agree strongly.” Despite the
apparent trends, the differences among the three years are not statistically significant.
during class sessions. One advantage of having students
solve problems or discuss concepts in collaborative
groups is that it frees the instructor to circulate and listen
to the discussions (Smith, 1996). With this technique, I
learn about difficult points, help students use their
available knowledge to guide them, and assess the
processes they are employing to solve problems. The
depth of the conversation and analysis that I hear on
these rounds has been gratifying. The reporting out of
the group discussions has generally confirmed their
ability to reason at a higher level, as demonstrated by the
relatively complete and logical “concept map” of the
controls on CO2 in the atmosphere produced by one of
the groups (Figure 2).
The students in my traditionally taught classes may
have been able to achieve these same cognitive levels, but
I was never aware of them. This may be the principal
achievement of using interactive and constructivist
teaching methods: you can know when your students
reach the learning goals that you have set for them, and
you can more actively intervene in helping them achieve
those goals.
Course Summary — The course summary effectively
replaced the traditional final exam. From the exposition
by the students of their own understanding of three
chosen topics in geochemistry, I can gauge the aspects of
the course that had the greatest impact. The narrative
reveals the depth of understanding, and through the
students’ own commentary about learning, documents
the teaching methods that had the greatest impact.
Overall, the most significant learning vehicles were the
projects and associated reports, cooperative learning,
and peer instruction (Table 6)
In this cadre of 23 students, cooperative learning was
cited as the most important learning tool by nearly 83%.
If peer instruction counts as another form of cooperative
learning, then 100% of the class acknowledges the
importance of communication and discussion among
students as an incentive to learning. Nearly half the class
specifically cited the projects as an important learning
device, and 17 out of 23 used an example from one of
their projects to demonstrate the depth of their topical
comprehension. Research-type experiences definitely
leave their mark, and the impact is magnified by the
addition of a collaborative component. The following
extracts from the course summaries demonstrate the
dynamic and supportive interplay among collaboration,
investigation, and peer teaching:
“I find that when you work in investigative
teams, the information really gets drilled into
your head, because not only are you working to
figure certain problems out, you are working
with a team and you can relate their insight as
well as the professors into the problem.”
“As much as I enjoyed these topics in class, I
would not have learned them as well without
group work and in-class group discussions.”
“The group work involved in the classroom
explorations helped the class become more able
to reach conclusions and make interpretations
based on analysis of the data and discussion.”
“I was impressed with the amount of material I
had learned from class since it was still early in
the semester, and I didn’t feel we had done
anything ‘painful.’ It was almost if I had learned
without knowing it was happening, since it was
fun working in groups.”
Since these were not written anonymously, one
might expect some bias to “tell me what I wanted to
hear,” but the consistency of the responses is
overwhelming in their assessment of effective teaching
methods. From three years of course summaries, there is
only one negative comment:
“As much as I don’t like tests, they force me to
really study and learn the material. Since I didn’t
need to study, I don’t think I retained as much
knowledge as I could have.”
I cannot simply dismiss this comment, since there are
many bright people who definitely excel in the
traditional college environment. It may be worthwhile to
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Figure 2. A concept map completed by students dur-
ing class used as an assessment. In this particular ex-
ercise, completed in groups, students were asked to
diagram the influences upon CO2 in the atmosphere
and present it to the class on an overhead. The results
showed that most students had achieved an ability to
integrate the major concepts.
Learning Stimulus
Number of
Citations
Cooperative learning 19
Investigative projects 11
Peer instruction 5
Connections to other subjects 3
Items cited once:
Stimulus to do more on our own
Writing
Not having tests alleviates pressure
Lack of tests a disincentive to study
Table 6. Items cited by students (n = 23) in their
“Course Summaries” of methods that help in their
own learning
have some kind of a higher-stakes quiz or test to motivate
these individuals.
CONCLUSIONS
Designing an advanced course for majors using
collaborative and project-based learning as vehicles for
constructivist teaching can stimulate higher-order
reasoning in students. With proper time management
based on a daily class outline, the core concepts of the
subject can be covered, often with greater sophistication
than in traditional lecture courses. Students have an
incentive to do the reading and come to class, so that they
can benefit from the discussions that dominate the class
sessions. The instructor has expanded opportunities to
hear and see how students are processing the
information, and his or her assessment can guide
subsequent assignments and discussions. The absence of
traditional in-class examinations makes for a more
relaxed classroom, although some students may need the
incentive of exams to study effectively. Even though the
usual “bottom-line” question on summative course
evaluations may only be affected slightly, anonymous
surveys, academic performance, and students’ written
analyses of their experience, demonstrate that they learn
at high levels, and the enjoyment of the learning process
is increased when constructivist and student-active
methods are used for teaching upper-level courses.
ACKNOWLEDGMENTS
I thank all the students in GEO 415 over the years who,
through their efforts to learn, have helped me in my
pursuit of more effective teaching strategies.
Conversations with Barbara Tewksbury, Heather
Macdonald, Charlene D’Avanzo, and Allan Feldman
helped in the implementation of many of these ideas. The
redesign of this course, and the examination of teaching
and learning in science and math, was initiated as part of
the STEMTEC project, an NSF Collaborative for Teacher
Education (DUE 9653966). It was further developed with
the support of an NSF CCLI award (DUE 9950262).
Comments of the JGE reviewers were very helpful in
revising this paper.
REFERENCES
Bloom, B.S. 1956, Taxonomy of Educational Objectives:
The Classification of Educational Goals, by a
Committee of College and University Examiners,
New York, Longmans & Green , 307 p.
Brady, J. B., Mogk, D.W., and Perkins, D. III. 1997
Teaching Mineralogy, Washington, D.C.,
Mineralogical Society of America Monograph 3, 406
p.
Brandsford, J. D., Pelligrino, J., Cocking, R., and
Donovan, S., 2000, How People Learn: Brain, Mind,
Experience, and School, Washington, D.C., National
Academy Press, 374 p.
De Caprariis, P. P., 2002, Developing successful learning
strategies in structural geology, Journal of
Geoscience Education, v. 50, p.145-149.
Eder, D.A., 1998, Primary trait analysis:
http://www.siue.edu/ ~deder/assess/index.html
George, M., 1996, Shaping the Future: New Expectations
for Undergraduate Education in Science,
Mathematics, Engineering, and technology,
Arlington, CA, National Science Foundation, 76 p.
McNeal, A., and D’Avanzo, C., Editors, 1997,
Student-Active Science: Models of Innovation in
College Science Teaching, Fort Worth, TX, Saunders,
490 p.
Mestre, J.P., and Cocking, R.R., 2002, Applying the
science of learning to the education of prospective
science teachers, Bybee, R.W., Editor, Learning
Science and the Science of Learning, Arlington, VA,
NSTA Press, p.13-22.
O’Sullivan, D.W., and Copper, C.L., 2003, Evaluating
active learning: a new initiative for a general
chemistry curriculum, Journal of College Science
Teaching, v. 32, p. 448-452.
Seymour, E.M., and Hewitt, N.M., 1997, Talking about
Leaving: Why undergraduates leave the sciences,
Boulder, CO, Westview, 429 p.
Smith, K.A., 1996, Cooperative learning: making
“groupwork” work: Sutherland, T.E., and Bonwell,
C.C., Editors, Using Active Learning in College
Classes: A Range of Options for Faculty, San
Francisco, Jossey-Bass, p.71-82.
Tewksbury, B.J., 1996, Teaching without exams: the
challenges and benefits, Journal of Geoscience
Education, v. 44, p. 366-372.
Tewksbury, B.J., and Macdonald, R.H., 2004, Designing
Effective Courses in the Goesciences, NAGT/DLESE
Cutting Edge Workshops, http://serc.carleton.edu/
NAGTworkshops/coursedesign04/index.html.
Tolman. D.A., 1999, A science-in-the-making course for
nonscience majors: reinforcing the scientific method
using an inquiry approach, Journal of College
Science Teaching, v. 29, p. 41-46.
Yuretich, R.F., Khan, S.A., Leckie, R.M., and Clement, J.J.,
2001, Active learning methods to improve student
performance and scientific interest in a large
introductory oceanography course, Journal of
Geoscience Education, v. 49, p. 111-119.
Yuretich - Upper-level Geochemistry Course Redesign 283
